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磷效果，其中采用 CaO-SiO2-CaCl2 渣系的除磷效果 好，杂质磷的去除率可达
96.60%。 
2、渣系 CaO/SiO2 比对组合工艺的除磷效果影响较大。采用 CaO-SiO2-CaCl2
渣系进行“造渣—真空”提纯时，硅中磷含量与 CaO/SiO2 比呈近似的线性关系，

























There are two basic ways of the metallurgical purification for solar grade silicon: 
slag refining and vacuum treatment, which are always effective methods to remove 
boron and phosphorus from the metallurgical grade silicon, respectively. However, 
due to the different chemical properties of boron and phosphorus, they can’t remove 
effectively by a single process. Therefore, the optimization combination of slag 
refining and vacuum treatment must be put forward to meet the demands of the 
purification of these key impurities for solar grade silicon. 
In the present study, the optimization combination of slag refining and vacuum 
treatment was investigated: firstly, the effects of combinational processes on 
purification of metallurgical grade silicon had been analyzed; then, the experiments 
were conducted to further explore the influence on removal of phosphorus by vacuum 
treatment before and after slag refining. Lastly, distributions of main impurities after 
slag treatment were studied. Based on the combination of related theory and 
experiments, the laws of changes in phosphorus under different processes were 
systematically studied. A fairly appropriate method to increase the efficiency of 
phosphorous removal was preliminarily found, and the results of research were as 
follows. 
1、It was found that the “slag-vacuum” refining can be beneficial in terms of the 
phosphorous removal . These works achieved various results through the adoption of 
different slag systems, such as CaO-SiO2、CaO-SiO2-CaF2、CaO-SiO2-MgO、
CaO-SiO2-BaO、CaO-SiO2-Al2O3 and CaO-SiO2-CaCl2. Moreover, the effect of using 
CaO-SiO2-CaCl2 slag system was most significant and the efficiency of phosphorous 
removal had reached 96.60%. 
2、In the process of comprehensive treatment, the range of CaO/SiO2 ratio had a 
remarkable impact on phosphorous removal. The content of phosphorus in silicon has 
an approximate linear relationship with CaO/SiO2 ratio. It was obvious that the 














increase of the CaO/SiO2 ratio, the phosphorous removal efficiency dropped down 
simultaneously. 
3、Based on the experiments and theory, it was clear that phosphorus can react 
with calcium oxide, generating Ca3P2, being effectively separated from metallurgical 
grade silicon by entering the slag phase when using CaO-SiO2-CaCl2 slag refining. 
During the process of vacuum treatment, the efficiency of phosphorous removal was 
mostly influenced by calcium, the main reason of which was because calcium can 
weaken the activity of phosphorus in the melt. In addition, the results revealed that 
acid leaching after slag refining can enhance the effect of phosphorous removal. 
 
 



























能源技术，将成为 21 世纪解决能源危机和环境污染的重要途径。 































得十分必要。造渣精炼和真空熔炼作为去除多晶硅中 B 和 P 杂质的两种主要工
艺，研究造渣精炼对真空除磷过程的影响规律，可以有效地提高各工艺的除杂效
果，同时避免二次污染。 


















































































和 n 型界面的两边会形成势垒电场，可以将电子驱向 n 区、空穴驱向 p 区，从而
使 n 区存在过剩的电子、p 区存在过剩的空穴，这样 pn 结的附近就会形成跟势
垒电场方向相反的光生电场。而光生电场除了一部分用来抵消势垒电场以外，另
一部分还可以使 p 层带正电、n 层带负电，在 n 区与 p 区间的薄层产生光生伏特
电动势。若分别在 p 层和 n 层接上金属引线，连通负载，则外电路就会有电流通
过。这样形成的电池元件，把他们一个个串联、并联起来，就能产生一定的电压
和电流，输出功率，如图 1-1 所示。 
 
 
图 1-1  光生伏特效应原理图 
 
典型的晶体硅太阳能电池结构如图 1-2 所示[6]，其基体材料是 P 型单晶硅薄


















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
